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PROVISIONAL SPECIFICATION 
No. 10807 A.D. 1943. 

Improvements relating to Aircraft Propulsion Installations 

and Landing Gear 



We, Power Jets Limited, a British 
Compaay, of Whetstone Works, Whet- 
stone, Leicestershire, and Wiixxam 
EvELTTN" Pathxck Johkson, a British Sub- 
6 ject of the Company's address, do hereby 
declare the natrure of this invention to be 
iia follows: — 

This invention relates to aircraft pro- 
pulsion installations of the kind in^ which 
10 a compressor and gas turbine combinatign 
forms the motive source for je^ propulsion 
oi combined jet and screw or lil:e pro- 
pulsiojt'. As a matter of pnacticability 
and performance, power imits of this 
15 class are instaliecl in nacelles or fuselages 
arranged ttdth forwardly facing intakes 
for air so tbat a useful degree of ram prea- 
sure- due to forward ^eed is applied at 
the air intakes of the unit. The unit can 
20 conveniently be completely housed in 
such nacelles or fuselages which in order 
to develop the maximum possible ram 
pressure are made substantially pressure-, 
tight, and the design of i!he air intake or 
25 intakes may be such that whilst high ram 
efficiencies are obtained in flight, there 
may be a reduction of pressure below 
atmospheric, for brevity called a depres- 
sion, in the compartment - at low speeds 
80 ami during ground running. Such depres- 
aiop. may adverselv effect thrust and /or 
temperature conditions for example 
during take-off, and it may also be found 
difficult adequately to ventilate the com* 
35 partment so as to prevent unduly high 
temperatures of the surrounding struc- 
ture. It is a primary object of the present 
invention to meet these difficulties. ^ A 
secojidary object is to afford accessibility 
for servicing, for example for the purpose 
<^f replenishing the oil t^nk, efxamining 
filiJers etc. 

According to this invention the nacelle, 
fuselage or compartment in which the pro- 
45 pulsive unit is installed is provided with 
air intake passages in addition to the 
passage or passages normally used in 
flag-ht, and these additional passages have 
valves or closures operating either auto- 
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matically (as by reversal of pressure 
difference) or by hand (under the control 
of the operator) or by interconnection 
with some other apparatus such for 
example as retractable landing gear, the 
operation of which occurs more or less in 66 
the same phases o£ Jight as those in which 
it is desired to control the passages. 

In one example, a series of openings, are 
provided in the slan of a nacelle, disposed 
as symmetrically as may be or in a selected 60 
relationship in regard to the air intakes of 
&e power units of these openings for 
lightly loaded nOn-return valve closures 
in the form for example of sprin<r loaded 
hinged trap-doots openin^if inwards. Thus 65 
when there is a compartment depression, 
the doors 5>pexi* and tend to relieve it, but 
as soon as mere is sufficient forward speed 
to raise the compartment pressure by ram 
effect to a pressure similar to or in excess 70 
of the extSernal pressure the openings are 
closed. 

In another example, the same openings 
and doors are operated under ti^e control 
of the pilot by suitable means. This mode 75 
of operation niay have an advantage in 
that excessive ram pressure could be 
relieved for example if a high speed dive 
with the power unit throttled back, were 
contemplated. ' 80 

A third and preferred alternative is to 
arrange for the control of the openings by 
means co-related with the retraction and 
extension of landing gear or maybe of 
win^y flaps so that in take off, landing, or 85 
slow speed flight the openings admit air 
to the compartiment whilst in cruising or 
high speed flight they are closed. The 
doors or valves may be provided with 
rubber or similar seats and it is at present 90 
contemplated that they may be o£ quite 
simple sheet metal construction and 
arranged to complefe a smooth external 
surface when they are shut. The openings, 
may be so located as to giye access to oil 95 
filler arrangements or any -other internal 
regions where ready access for servicing 
is (1esiral>le. There' may be circumstances 
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in which the opaniugs? niay he used advan- 
tug^eously in full flight for example 
during ice forming conditions, and fliere- 
fore the doors may he arranged to be oper- 
5 ated hy or simultaneously with any other 
devices which are to he operated in similar 
conditions. 



Dat^ this 2ad day of July, 1943. 
For the Applicants, 
P. J. QLEVEIiiLND & COMPANY, 
Chartered Patent Acrents, 
29, Southampton Buildings, 
Chancery Lane. London, W.C.'^. 



PROVLSIONAL SPECIFICATION 
No. 20289 A.D. IM3. 

Improvements relating to Aircraft Propulsion Installations 

and Landing Gear 



We, Power Jets Limited, a British 
Company, of .Whetstoue ITorks, Whet- 
10 stone, Leiceatershirej and William 
lOvFj-TO Patuxck Johxsox, a British Sub- 
ject, of the said Ctim])auy*s address, do 
hereby declare the uature of this inven- 
tion to he as follow.^: — 
16 This invention relates to landing gear 
foi- aircraft. It more particularly related 
to retractable landing gear whether of th-j 
wheel, skid, or track type which is fo be 
applied to aircraft having a fuselage or 
20 rtacelle into which the undercarriage 
leiracts, ami which nacelle houses or 
forms part of a ^wer unit installation in 
which considerations of pressure arise, in- 
volving' a change of oondition when the 
25 aircratt is on the ground or has a loav 
forward speed as compared to oi^dinary 
fiighf. Such o4>nditionR may arise in a 
jet propelled or partially jet propelled air- 
• rafi! including a priiue inciver or auxi- 
30 liary propulsion devices cf»nsumin«jf com- 
liarativelv great, quantities of air. ""in the 
rase of a gas turbine prime mover arranged 
within a nacelle, there may he a marked 
reduction of pre^.sure below atmospheric, 
35 ^(^T brevity called a dejiression, in the 
nacelle nt low relative air sspeeds, and a 
positive pressure in normal flight. It may 
therefore be desirable to afford ventila- 
tion to the nacelle to prevent excessiA-e 
40 depression at low speeds and sealing of 
the nacelle to retain the positive pressure 
jit higher speeds. It will be appreciated 
thaif these two conditions correspond 
broadly to the conditions in which an 
45 undercarriage may be respectively ex- 
tended and retracted. A further considera- 
tion is that with some types of installa- 
tion there may he forwardly facing air 
intake openings fo the nacelle, in a region 
50 where* dirt and foreign bodie<« may be 
thrown up by the lauclinsr srear and may 
' nter the nacelle to the detriment of the 
installation. It is a secondaiy object of 
ilio invention to avoid this. 
55 According to the invention, aircraft 
liintlinff gear provided for use in circum- 



stances corresponding to the foregoing 
general conditions, is ao made or provided 
that when extended, one or more substan- 
tial openings permitting the entry of air 60 
to the power unit are made in the wall of 
the nacelle, whilst when refracted, these 
openings are sealed and moreover 8eale<l 
in such a way as to withstand a positive 
nacelle pressure. Further, where there 65 
are normal air entries which might pick 
up foreign matter, the opemtion or mech- 
anism -of the undercarriage may be 
arranged to be such that these openings 
are either well shielded or actually closed. 70 

As an example, a rearwardly retracting 
undercarriage unit is associated with a 
nacelle within which is housed a gas tur- 
bine jet propulsion power plant. The 
undercarriage unit is arranged to be 75 
wholly retractable within the nacelle and 
iss associated with a trap door or closure 
element which, w*hen the undercarriage 
is extended, may constitufe'a fairing or 
an air brake as may be desired and which, 80 
when the undercarriage is retracted « forms 
a sealed closure completing the skin of 
the nacelle. Since this nanel-like element 
is intended to withstand an internal posi- 
tive pressure when closed, it is intended to 85 
be locked or retained, and sealed, in the 
closed condition. This may be achieved 
by making it's edg^es a butfc fit to the corre- 
sponding edges of the nacelle opening, 
forming these edges as channels, and using 90 
the known expedient of an inflatable 
elastic tube to act both as a seal and as a 
lock. Alternatively, the panel may be so 
arranged that it overlaps the edges of the 
fixed skin of the nacelle internally, when 95 
i^ is finally in the closed position, this 
beincr accomplished for example by dis- 
lilacing the panel- as a whole or parts of 
it. in a lateral sense, after closing. 
Dated this «3rd day of December. .1*943. 
For the Applicants, 
F. J. CLEVELAND & COMPANY. 
Chartered Patent Airents, 
29. Southampton Buildin{?s. 
Chancery Lane. London. W,C.2. 
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COMPLETE SPECIFICATION 
Improvements relating to Aircraft Propubion Installations 

and Landing Gear 



We, Power Jets Liuitbd (in liquida- 
tion), a British Company, of Whetstone 
AVorka, Whetstone, Leicestershire, and 
WiLMAM EvELYK Patrick Johnson, a 

5 British Subject, of lihe said Company's 
address, do hereby declare the nature of 
this inTention and in what manner the 
same is to be performed, to be particularly 
described and ascertained in and by. the 

10 foirowing- statement : — 

This invention telates to aircraft instal- 
lations of the kihtf in whiclt a compressor 
and gaa turbine combino'tion forms the 
motive soui-ce for jet propulsion or com- . 

\h bined jet and <air5crew or like propulsion. 
Pct^ei: unite of tliis class are f ^>r praciJical 
purposes installed in nacelles or fuse- 
lages, (which for the purpose of description 
Trill be referred to collectively as nacelles) 

^0 arranged with forwardly facing intakes 
for air so that a useful degree of rara pres- 
sure due to forward speed is appliwi in 
flight at the air intakes of the unit. When 
there is substantial forirard speed thero 

25 is 'W^ithin such nacelle a pressure higher 
than the ambient atmospheric pressure. 
The invention is concerned with such 
installations, when it is intended that the 
ram pressure should be an important 

80 factor contributing to peTfbrmance. lU is 
found as a matter of design that whilst 
the forwardly facing air intake may be 
adequate in conditions of flight and the 
contours surroundin^g it can be aero- 

96 dynamically appropriate. Hhere is a ten- 
dency* for the condition fo arise either in 
the stationary case or at low forward 
speeds, for example during -fetke-ofF, for a 
sub-atmospheric pressure, or as it will 

40 herein be called, a depression, to arise in 
the nacelle which has an ndvers?- effect on 
performance. The invention is intended 
to afford means for overcoming this diffi- 
culty and in some cases also to sriVe sub- 

45 rtidiaxy advantages, for e:s:omple in regard 
to accessibilitv or in resrard to under- 
carriage problems. The invention there- 
fore refers to aircraft propulsion installa- 
tions of the kind in which the newer unit 

50 i.<i enclosed m a nacelle which is intenided 
to Vel substantially pressure-tight in niosb 
conditions of flight; anid in • which -high 
ram' efficiencv is required and in which 
there may be a ten den cv for depresrsion tb 

66 occur in the nacelle in other conditions, 
which depression is deleterious to per- 
formance and may inciden tally give rise 
* to unidue heating* because of absence of 
thorough Tentilation. 

60 According to the iuT^tiou, in an air- 



craft propulsion installation of the kind 
specified provision is made in the wall of. 
the nacelle of one or more openings for 
the admissiim of air for (^nsumption in 
the power unit and meains to close these 65 
openings in appropriate circumstances of 
Big^; such circumstances broadly ©peak- 
ing will arise simply by gaining adequate 
forward speed. The closures for the open- 
inga may be valvorlike and adapted to close TO 
autfTmaticallv* when the ram pressure in 
the nacelle reaches a certain order c>f value 
Relative to the ambient atmospheric pres- 
sure, and to this end tbey may be) partly 
opened tiy gravity or by spring-loading. 75 
Altfematively ' the closures may be so 
inter-connected with the retractable 
undercarriajge mechanism cyf' the aircraft 
or with the operating systan of suoh niech. 
ani'am as to be open when the under- 80 
carriage is extended and^closed when it is 
retracted. In any case the closures are 
preferably so arnuiged that they tend to 
l>e sealed against -^the escape of -air' from 
the i^acelle by the pressure difference 85 
through the nacelle wall. The openings. 
Or some of them, may be arranged so as to 
give ready access to selected regions or 
parts within the nacelle, e.g. for the 
inspection op servicing of parte of the 80 
power unit sucb as. filters. In a. case where^ 
a closure is cionnected with" undercarriagre' 
mechanism the opening with which it is 
associated may serve as the embrasure' 
which acM^mniodafes the retraction - and 96 
extension of tiie undercarriage, and the 
closure constitutes what is normally called 
the xmdercarriage :door. . 

The invention vnll now be described 
with the aid of tke acc<>mpanying draw- 100 
ingsi by 'way of exa.mple. tn these 
drawings 

Fier. 1 is a Sectional view tlmragh a 
nacelle jriving an indication of .tbe power, 
unit within it, 105 

■ Fig.^ 2 is a similar section taken across 
the azie of the power unit. 

Fig. 3 is a fragmentary Tiew showing 
one of. the clomre elements seen from Hie 
axial direction, and 110 

Fig. 4 a similar drawin;g of the same 
closure, inside elevation. 

Fig^. 5 is a side elevation partly in sec- 
tion showing the arrangement of a power 
unit in a nozzle which also includes a 115 
refraotable undercarriage. 

Fig. 6 i^ an aikial view of the same,, and 

Fic^s. 7 and 8 fragmentary . views of 
details of the sealing of the closure, which 
also serves as ,^e undercarriage door. 120 
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Turning first of all to Figs. 1 to 4 the 
.nacelle is shomi with a skin or wall 1, 
Laving" a forwarflly facing main air entry 
indicated at 2, and within the nacelle 
5 there ia mounted d power- unit of the 
WhilJfele type havinfj a compressor 3 and 
exhaust pipe 4. This unit is mounted in 
knowTi manner on horizontally projecting 
trunnion mountings '5 witn a third 
10 anchorage point at 6 to a spar 7. It will 
be noted th«.t the nacelle is circular in 
section in Tiew of the fact .tha.t it must 
withstand substantial loads arising from 
internal pressure. In the wall or skin 1 
15. of the nacelle, air entiy openings are pro- 
vided aD 8. and with each of these there is 
ussocialfed a;- "Vatve^like closure 9 in (he 
nature of a trap door. .The openinga 8 are 
arranged in the zone around t^e com^ 
20 pressor 3 and are intended to be sufflci* 
ently large virtually to obviate any possi- 
bility of an internal depression in the 
worse cases, i.e. when the engine is run- 
ning with, mascimum air consumption, the 
25 aircraft being stSationary. They may be 
so arran^ed^ as to tend to direct' the in- 
comin^air in the general direction of the 
two ajr intakes of the compressor, such 
general diirection being ixidicaied by the 
30 flow arrows in Wig. 1. The closures 9 are 
so contrived that whilst they are hinged 
for openini? and have their edges made in 
such a way that the closures are virtually 
flush with the external surface of the 
35 nacelle when closed, they nevertheless 
conform with* the cirpular and other 
curvature of the nacelle. Each closure 
therefore made with the appropriate 
curvature of its main surface and each is 
40 mounted .for hinging on an axis which 
permilfs lib opening inwardly, having 
somewhat inwardly extending hinge lugs 
9A for tiiis purpose. The edges of each, 
closure are formed 6o as to achieve the 
45 required flush exterior when closed, fhe 
nature of the formation being visible, for 
example, in Fig. 4 where a step is formed 
at 9B so ^at.thre closure can seal.wilfh a 
good seat against the edge of the opening 
50 8 whilst die step along the edge^ adjacent 
to the hinged axla at 9C is made arcuate 
to permit swinging. The aclhial seating 
surface may be provided with rubber 
strip or like means to ensure a good seal. 
.j55 The closures may b© quite free on their 
hinged if ifc be found in any given -case 
that the pressure conditions are sufficiently 
marked to ensure their closing and remain- 
ing closed under the influence of I'ani 
60 pressure whilst^ opening when there i^ 
infernal depression. In otl^er coses, how- 
ever, it may be found expedient nearly or 
completely "to mass balance the closures 
about iheit hinlged axes and to provide 
65 lighH spring opening tendency, since by 



this means the effects of high inertia forceg 
in flight which might tend to open some uf 
the closures, can be .'avoided. It can be 
seen from Fig.. X that at least one of tlie 
openings 8 can be airanired to afford 70 
access to the interior, in this case to the 
filler cap 10 of oil tank indicated Q^t IDA. 
It will of course be apparent to those 
acquainted with the art, that the opeu- 
ings 8 niay require to be reinforced round 76 
their margins for structural reasons. 

Turning to Figs. 5 to 8.. the case here 
is one in which the required opening^ for 
air is provided also as the undercarriage 
embrasure. The nacelle skin is here 80 
shown at II and^the general arrangement 
of the power unit within it is as before, 
tihe trunnion mountings of the unilf heing 
supported on strong fore and after mem- 
bers *1«2 which extend between the front 85 
spar XS and rear spar 14. The main under- 
carriage structure is also supported from 
these members and comprises suitable 
framework 15 forming a rigid volume 
frame to the lower ijart of which is pivoted 90 
at! 16 an undercarriage leg 17 carrying a 
wheel 18. The leg include*; a rotating 
spindle and at^it's upper end this has a 
bevel pinion 17A engaging a bevel rack 
17B, fixed to the structure 15, whereby 95 
as the undercarriage is retracted and 
extended the plane of the wheel 18 is- 
rotated through approximately 90 degs. 
The fact fhat a jet propulsion aircraft 
lends itiself to the use of exceptionally 100 
short undercarrTage legs facilitates a con-, 
struction of this ^pe and may enable the 
undercarriage to be stowed within such a 
nacelle as ^ thatf depicted. The under- 
carriage is presumed to be operated by any 105 
suitable means such as a hydraulic jack. 

The undercarriage embrasure can be 
seen in Fig. 6 aff 20. Two sliding doors 
are provided at 21, 22, respectively, these 
constituting not only undercarriage doors 110 
but a.irtight closures to the opening* 20 
w^^n the utxdercarriage is fully retracted. 
Here again the closures are curved so as to 
conform with the circular section of the 
nacelle and t^e panels forming] the 115 
closures are in the nature of sliding 
panels, the forward and rearward edges of 
-which are guided hy running in grooves 
indicated at 23. The meeting edgee are 
provided with sealing means illustrated 120 
in Fig, 8, each constituted by a channel 
member 24 which serves fo stiffen the edge 
of the panel and also to retain a rubber 
Or other like sealing element 25 which 
constitutes as can be seen in the drawing. 125 
a tongue and gfooye seal which, whilst 
not being susceptible to jamming or 
sticking, will at the same time tend iSo be 
improved, as an airseal, by internal pres- 
sure. The other edges of the panels are 130 



also provided with sealing strips in the 
form of attached strips 26 of rubber or 
the like, which slide on the ekin lit when 
the panel is moving and which tends to 
6 seal under pressure. The two closure 
panels 21 and 2J2 are operated by an 
opposed piston hydraulic jack 27 and rods 
of which move bell cranks 2-8, which are 
connected to the closures by links 29^ this 

10 mechanism being: duplicated * or repeated 
as may be necessaiy lengthwise, in view 
of the^ comparative length and probable 
flexibility of the panels themsei^es. It 
is intended that the jack 27 shall be oper- 

15 ated as a double acting jack by a system 
which is precisely aqalogous to that 
applicable in the ordinary case of under- 
carriage doors, that is to say, complete 
opening of the closures is followed by the 

20 operation of undercarriage etxtension 
whilst the doors only begin to close after 
complete undercarriage retraction. In 
view of the particular kind of construc- 
tiai^ proposed and the fact that ^e doors 

25 themseHes iwill be well supported and 
must be fairly robust when closed, it may 
be found thq.t in suck a case the provision 
of undercarriage uplocks may be omitted, 
reliance being placed upon the doors 

30 theoiaelves for preventing drooping of the 
undorcaniage in £ight. 

It is be understood that in this appli- 
cali-o-n of the invention it is conceived to 
be likely that all the circumstances in 

35 which the additional air opening is 
required, correspond with the circum- 
stances in which the undercarriage would 
normally be extended ; it is of course 
evident that! in normal practice the under- 

40 cai'riage is extended during preliminary 
runmng up on the ground and during 
tak(B-ofl, and these are the most impor- 
tant phases in which nacelle depression is 
liable to arise. There is another case 

45 where depression is to be avoided, namely : 
when, during ^ landing ifi is found, neces- 
ear;y to make full use of engine power, 
and here again the practical condition will 
normallv be, wifii the nndercarriag^ 

60 extended. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that whatJ we 

66 claim ife: — 

I. In an aircraft propulsion installa- 
tion of the kind specified, the provision in 
the wall of the nacelle of one or more 
openings for the admission of air for con- 

30 sumption in i;he jiower .unit, and means 
to close these openings in appropriate 
circumstances of flight. 



2. In an aircraft propulsion instaUa- 
tion of the kind specified, the provision in 
the wall of the nacelle o^ one or more open- 65 
ings for the admission of air for consump- 
tion va the iwwer. unit, and valve-like 
closures Jor these openings which are 
adapted & close aatomatically when the 
ram pressure in the nacelle reaches a cer- 70 
tain order of value relative to iSie ambient 
atinpapheric ]>ressure. 

3. In an aircraft propulsion installa- 
tion of the' land specified, the provision in 
the wall of the ' nacelle of orie or-more 75 
openings for the admission of air for con- 
sumption in the power unit, and closure.*) 
for these openings which are so intercon- 
nected with retracliable undercarriage 
mechanism of the aircraft of the operat- 80 
ing system thereof, as to be opened when 
the undercarriage is' extended and closed 
when it is reihracted. 

. 4. In an alroraft propulsion in^talla- 
tiop.' according to any previous claim, 85 
closures for the openings which are - 
ai^ang'od and adapts to be sealed against 
the escape of air from the nacelle by the • 
pressure difFereixce between the interior 
and eocterior of the nacelle. QQ 

3. In an . airoiaft propulsion system 
according to any previous claim, the 
arrangement of one or more of the open- 
ings so as to give readv access to selected . 
regions or parts within the nacelle for 95 
inspeptioi^ or servicing. 

G, In an aircraft propulsion system 
according to Claim 3i the arrangement 
tv'hereby an opening as claimed serves also 
as the embrasure through which the 100 
undercarriage moves during retraction 
and extension, and the closure for such 
^openings encloses the und^carriage when 
retracted* 

7. An aircraft propulsion system 105. 
having: openings and closures iiterefor 
f'onstructed and* adapted to operate sub- 
stantially ae described with refefence to 
Figs. 1 to 4 of the accompanying 
dt:awing8« HQ 

8. An aircraft propulsion system 
having an opening and closure therefpr in 
conjunction with a retractable under- 
carriage, substantially as described with 
reference to Pigs. 6 and 6 of the accom- 116 
panying drawings* 

Dai^d this 1st day of August, 1944. 

For the Applicants, 
P. CLEVELAND & COMPANY. 

Chartered Patent Agents, 
29, Southainpton Buildings 
Chancery Lane, London, *\y!c.2. 
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